Introduction
Breeders at the Genetic and Crop Improvement Global Program (GCI) know that breeding clones must be suited to the cropping systems and length of the potato growing season of a particular region within their agro-ecological area of adaptation. In this sense, tuber bulking information of clones is of great interest for recommending testing toward final adoption. This information is valuable for assessing performance and adaptation particularly in areas with short growing seasons, where harvesting has to be performed during the bulking period, that is, before top (leaf) senescence.
The present protocol aims at providing a practical procedure for the assessment and documentation of tuber bulking maturity of potential varieties and also can be useful in the selection of early bulking maturity clones
General information of tuber bulking
The rate and duration of tuber bulking determines the yield in the potato crop. Tuber bulking rate is the slope of the linear curve described by the increase in tuber weight with time, while tuber bulking duration is the time between tuber initiation and persistence of foliage.
Indeed, decline in leaf area by senescence is followed after a short time by the cessation of tuber bulking. Though both factors are important in accounting for yield differences between cultivars, tuber bulking duration is of greater importance as it seems determines final yield. For instance, an early variety with a yield advantage over a later variety during the linear phase of bulking may show a final yield lower than the later one because of earlier senescence, unless early lifting is carried out. Tuber bulking results from two basic processes, tuber initiation and tuber growth. Timing and duration depend upon geographic location, environmental factors, and cultivars.
Tuber initiation phase
This phase occurs at about 20 to 30 days or more (up to 45 days under long day conditions) after plant emergence and last for a period of 10 to 14 days. Though additional tubers may continue to form on stolons during later stages of plant development, tubers that are harvested late during a long season will be initiated at this time. During the initiation phase in which tubers are formed on stolons, the orientation of cell division within the sub-apical portion of the stolon changes to produce radial expansion rather than longitudinal growth.
The number of developing tubers increases to a maximum of about 15-20 and then declines to some lower value that will be filled by harvest ( Figure 1 ). Initiated tubers not carried to harvest will be re-adsorbed by the plant. Evidence also points toward the presence of more than just one tuber-setting cycle during a growing season in some cultivars (Meredith, 1988) . Thus, there are cultivars with more than one tuber initiation event, whereas others appeared to set tubers just once. Kleinkopf et al., (2003) 
Physiology of tuber bulking
The potential tuber number that can be successfully produced by a plant varies with the genotype (most cultivars having a consistent number of tubers on each stem), physiological age of seed, number of stems per hill (stem population) and environmental conditions during this initiation phase of growth. Environmental conditions affecting tuber initiation include planting date, early season temperature, nutrition and water management, and weather extremes such as hot climate, hail or frost.
Growers may have some control over this phase through seed lot selection and best management practices, while they have little control over annual environmental conditions.
Tuber growth
This phase which follows tuber initiation is based on the number of days to maturity or length of the growing season, thus, this stage can last from 60 to over 90 days. Tuber enlargement, which takes place during this phase, continues as photosynthates are translocated from the vines into the tubers. The number of hours of daylight available for photosynthesis and the day temperatures during this phase largely influence the length of this phase.
Despite the observation that the major part of tuber growth occurs before maximum leaf area (Figure 2 ), higher bulking is associated with greater leaf area provide the limit at which crop growth-rate declines because of mutual shading of leaves is not surpassed Struik et al. (1990) suggest that mechanisms controlling tuber growth or re-absorption may be more important in establishing tuber size distribution at harvest than the processes controlling tuber initiation.
The number of tubers produced in season, soil moisture, and cultivar specific.
A maturation phase follows tuber growth, which is characterized by leaf area decline and a slow rate of tuber growth. This phase may not occur in the field when a medium or long season cultivar is grown in a short P a g e | 9 production season. Only approximately 10-15 percent of the total tuber weight can be obtained between the end of the tuber growth stage and the first two weeks of maturation.
Early tuber initiation and growth are necessary for acceptable production in areas where potatoes are often harvested prior to physiological maturity. 
Physiology of tuber induction
The tuberization process of potato is understood to be controlled by environmental factors, mainly photoperiod and temperature, which regulate levels of endogenous growth substances. Short days and cool night temperatures (inducing conditions) have been reported to favor tuberization while long days and high night temperatures delay or inhibit the process (Gregory, 1956; Slater, 1968) The principal site of perception of the photoperiodic signal is in the leaves. Under favorable short day conditions, the leaves produce a mobile inductive signal that is transported to the stolons to induce tuber formation. At least two independent pathways controlling tuber formation in potato have been proposed: a photoperiod-dependent pathway and a gibberellin-dependent pathway.
The photoperiodic pathway regulating short-day tuber induction shares features with the photoperiodic flowering pathway, including involvement of Phytochrome B (PHYB), CONSTANS (CO) and FLOWERING LOCUS T (FT) proteins (Amador et al., 2001; Martínez-García et al., 2002; Rodríguez-Falcón et al., 2006) .
On the other hand, gibberellins (GAs) have been reported to have an inhibitory effect on tuber induction and their activity has been shown to decrease when leaves are exposed to short day conditions (Ewing, 1995; Kumar and Wareing, 1974) .
Likewise, the light stable phytochrome PHYB, a major photoreceptor, has also been shown to be involved in the regulation of tuber induction, inhibiting this process under non-favorable conditions. This photoreceptor controls the synthesis of an inhibitory signal that has a role in GA signal transduction. The PHOR1 (photoperiod responsive 1) protein has been found to have a positive function in the GA signaling cascade, suggesting that changes in GA sensitivity are involved in mediating tuber induction (Amador et al., 2001) . Hence, cultivars sensitive to high GA levels under long photoperiods can be a problem for temperate regions, which have long photoperiods during their usual crop season. Fortunately, there are "day neutral" cultivars that presumably have lost GA-photoperiod response.
Environmental factors influencing tuber bulking
Potato originated from the high altitude tropics in the Andes. Hence, tuber bulking is best promoted by short photoperiods, high light intensity and cool climates, with mean daily temperatures between 15° and 18°C as encountered in its center of origin. The meteorological factors influencing this process at a given site are basically air and soil temperatures, solar radiation, photoperiod, soil moisture, and crop water use. Sensitivity to environmental conditions varies markedly between genotypes (Brown, 2007) .
The most limiting environmental factors for potato production are heat and water stresses. Time from emergence to tuber initiation is shortened by short days and temperatures less than 20°C. Higher temperatures favor foliar development and delay tuber initiation. Crop senescence is also shortened by high temperatures, especially greater than 30°C (Midmore, 1990) .
Heat stress leads to a higher number of smaller tubers per plant and lower tuber specific gravity with reduced dry matter content (Haverkort, 1990 ). Ewing (1981) reported that in many areas the sequence of temperatures that most often brings economic damage to potato crops is warm temperatures early in the season, followed by cool temperatures that induce strong tuberization, followed in turn by another period of high temperatures such temperature oscillations lead to heat sprouts, chain P a g e | 12
tubers, and secondary growth of tubers. Apparently the fluctuations in tuberization stimulus cause tuber formation to alternate with more stolon-like growth.
Long day adapted cultivars that produce well in full growing seasons (5-6 months) may mature too early and senesce between 60 and 70 days after planting in the equatorial highlands and consequently yield less (Haverkort,1990) . On the other hand, cultivars those perform well under short days in a 3 to 4 month growing season start tuberizing late and mature too late at altitudes of 50°N. Sands et al. (1979) showed that tuber initiation is delayed by long day lengths, though day length limit is cultivar dependent. Stolon branching is increased both by high temperatures and long photoperiods, while stolon number is not affected by photoperiod but instead by temperature and moisture.
Drought stress limits vine growth and reduces the number of tubers in larger size categories (Walworth and Carling, 2002) . However, no differences have been observed in the dates of tuber initiation or beginning of the growth period (bulking) between irrigated and nonirrigated potatoes (Dwyer and Boisvert, 1990) . In addition, time to foliage senescence is not affected in drought-stressed plants but top growth is, from early to mid-season (Walworth and Carling, 2002) . o Sprouted tubers of a red and a cream or whiteskinned cultivar. These cultivars will be used according to the skin color of the test cultivars, as markers, to separate within a plot, plants that will be harvested at different harvest dates.
o Materials list is recorded onto form (Material_List)
Methods Experimental Design:
A split block (strip plot) design is appropriate for this type of assessment ( Figure 3 ). The treatments of the factor "Clones", i.e., the test clones, are laid out in vertical strips in randomized complete block design, whereas those of the factor "Days to harvest" are laid out in strips horizontally in the same replication. At least 3 replications are recommended.
o The information is recorded onto forms (Installation) Rows should consist of at least 15 hill/plots planted such, that every five seed tubers of the test cultivar, a red or white-skinned potato -according to the skin color of the test clone -is planted as a marker, followed by five more test clone tubers. This pattern should be repeated throughout the row. A marker tuber is also planted at the head and end of each plot. A border row should be planted at each side of every block (repetition).
Planting distances should follow those standards of the location, though distances of 30 cm between hills are recommended. Agronomical management and control of pests and diseases should be according to the standard practices of the location.
Harvest dates:
Three harvest dates as well as ranges of days to harvest for each of them are proposed:
The time of the first harvest and day-intervals to subsequent harvests will be determined according to the length of the growing season of the trial location. Short growing seasons that allow only early and intermediate harvest are not uncommon.
Plots should be harvested in five-plant increments, from one end of the plot to the other up to the last harvest date.
Main Points
o Stop irrigation two weeks before dehaulming.
Early:
80 to 90 days after planting (DAP)
Intermediate: 100 to 120 days after planting (DAP)
Late: 120 to 140 days after planting (DAP)
o Follow the practice of dehaulming (cutting of haulms by sickle or killing by chemicals (e.g. Gramoxone). This will facilitate separation of the tubers from the stolon at harvest. 
Medium
The plants are still being green or on the onset of senescence, there may be a slight yellowing. The angle of insertion of the leaves on the stems may have become more obtuse than in the younger plants of the same clone. The formation of berries can be advanced and abundant in fertile clones.
Early
The plants have senescent foliage, yellowing is more advanced but the stems may still be upright. If berries are present, their color will turn from green to pale green or yellow green.
Very early
The plants are completely senescent, yellowing is complete and uniform, and the stems are decumbent.
Data to be collected at harvest:
Size o Average non-marketable tuber weight (g) (ATNoMW):
Calculate dividing non-marketable tuber weight by the number of non-marketable tubers per 1000.
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Data to be collected after harvest (For specific gravity analysis) Specific gravity (SG) = (weight in air) / (weight in air -weight in water)
Data Analysis
The data, marketable tuber yield, marketable tuber number, and specific gravity are analyzed according to the design. Analysis of variance (ANOVA) is used and can be performed using Data Collector.
Download here.
Means between harvest dates within test clones, and means between test clones at each harvest date are compared using LSD. Procedures for performing these comparisons in R appear in the same attached file immediately after the ANOVA sentences.
Data Interpretation
For a given variable, if the interaction between harvest date and test clone is significant (p<0.05) then there is at least one test clone that performs significantly different across harvest dates. Another way to interpret this interaction is that statistical differences exist between test clones at a given harvest date.
The tuber growth stage is a key determinant of the marketable component of total yield, characterized by a constant rate of increase in tuber size and weight. Hence, performance of marketable tuber weight across harvest date is of great importance in determining bulking maturity.
To assign a test clone to a given tuber bulking maturity grade, the evaluator must take into account the following situations in the comparison test analysis of test clones:
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o Clones that do not perform statistically different for marketable tuber weight and yield across harvest date. These clones can be regarded as early maturing.
o Clones that perform statistically better in the second harvest date are not significantly different than those in the third harvest date. These clones can be regarded as medium maturing Clones that perform statistically better in the third harvest date. These clones can be regarded as late maturing.
Clones that show no statistical difference in marketable tuber weight in two consecutive harvest dates may show a statistically significant increase in their marketable tuber yield. Since marketable tuber yield is a function of marketable tuber weight and number, a significant increase in marketable tuber yield can be attributed only to a greater number of marketable tubers. This would be the case of clones able to form additional tubers during later stages of plant development or cultivars with more than one tuber-setting cycle. In such cases, the evaluator must check the percentage of tubers assigned to each of the two marketable tuber size categories at each harvest date in order to make a decision on the bulking maturity characteristic of the clone.
Clones of medium or late bulking maturity can be recommended for an earlier harvest date provided if the clone is among those with best marketable tuber weight and yield at the referred date. Therefore, a comparison test between clones at a given harvest date is of paramount importance for a final recommendation of the clone's harvest date. This is of particular interest for areas of short growing seasons, where early lifting is required. Specific gravity should also be a criterion to take into consideration in this decision. A specific gravity of 1.080 or greater is considered acceptable.
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Implementing tuber bulking protocol
Case Study in Tashkent
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A trial was conducted in Tashkent The early maturing clones CIP-397039.53 as well as the late maturing one (CIP-386768.10) were among the best yielding clones at 80 DAP.
They ranked first and third among the 54 tested clones. No significant differences in marketable tuber yield were found between them though the early maturing one showed a slightly greater marketable tuber weight (137g/plant vs. 115 g/plant).
The late maturing clone has an advantage over the early one as significantly higher yields can be expected in a late harvest.
This is important when farmers need to decide their harvest date according to the markets' supply and demand. The medium maturing clone CIP-394904.21 was among the lowest yielding clones across the three harvest dates. 
